Objectives To assess the association between consumption of ultra-processed foods and obesity in the Canadian population. Methods Cross-sectional study including 19,363 adults aged 18 years or more from the 2004 Canadian Community Health Survey, cycle 2.2. Ultra-processed food intake was estimated using daily relative energy intake of ultra-processed food (% of total energy intake) from data obtained by 24-h food recalls. Obesity was assessed using body mass index (BMI ≥ 30 kg/m 2 ). Univariate and multivariate linear regressions were performed to describe ultra-processed food consumption according to socio-economic and demographic variables, and multivariate logistic regression was performed to verify the association between ultra-processed food consumption and obesity, adjusting for potential confounders, including socio-demographic factors, physical activity, smoking, immigrant status, residential location, and measured vs self-reported weight and height. Results Ultra-processed foods make up almost half (45%) of the daily calories consumed by Canadian adults. Consumption of these foods is higher among men, younger adults, those with fewer years of formal education, smokers, those physically inactive, and Canadian-born individuals. Ultra-processed food consumption is positively associated with obesity. After adjusting for confounding factors, individuals in the highest quintile of ultra-processed food consumption were 32% more likely of having obesity compared to individuals in the first quintile (predicted OR = e 0.005 × 56 = 1.32; 95% CI = 1.05-1.57). Conclusion Canadians would benefit from reducing consumption of ultra-processed foods and beverages and increasing consumption of freshly prepared dishes made from unprocessed or minimally processed foods.
Introduction
In Canada, one in four adults (25%) is now obese, almost twice the prevalence observed in 1978 (PHAC 2011) . Obesity prevalence has not changed much since 2004, and overall, there has been little or no improvement in population diet quality and health status over the last decades in Canada. One reason for that failure is that industrial food processing and its impact on the nature of food and on the state of human health has been overlooked and neglected in epidemiological and nutritional science, as well as in public policies and actions.
Food processing has allowed the development of very safe and convenient food products. However, with the goal of increasing shelf-life or reducing costs, the food industry uses methods such as hydrogenation, removal of water, addition of salt, sugars, fats, and additives, thus creating energy-dense and nutritionally imbalanced foods (Fardet 2016; Monteiro et al. 2017a) . Of the few dietary assessment tools that differentiate food by its level of processing, the NOVA classification can be judged to be the most systematic and coherent (Moubarac et al. 2014) .
According to NOVA, food processing is defined as all physical, biological, and chemical methods and techniques that occur after foods are separated from nature and before they are consumed or used in the preparation of dishes and meals (Monteiro et al. 2017a ). Based on this definition, all foods are classified into: (1) unprocessed and minimally processed foods, such as fresh fruits and vegetables, packaged grains or flour, pasta, pasteurized milk, and chilled or frozen meat; (2) processed culinary ingredients, such as sugar, honey, salt, and butter; (3) processed foods, such as fruits in syrup and vegetables in brine; and (4) ultra-processed foods (Monteiro et al. 2017a) . Particularly important for this study, ultraprocessed foods are formulations of many ingredients, mostly of exclusive industrial use that result from a sequence of industrial processes (hence, ultra-processed) (Monteiro et al. 2017a) . Examples are breakfast cereals, soft drinks and packaged fruit juices and drinks, packaged sweet or savory snacks, flavoured yogurts, instant dishes, reconstituted meat products such as sausages and nuggets, and most types of fast foods (Monteiro et al. 2017a) .
Globally, ecological studies show that ultra-processed foods are dominating food supplies (PAHO 2015; Monteiro et al. 2017b) . World sales of these foods increased by almost 45% between the years 2000 and 2013 (PAHO 2015 . After the United States, Canada has the second highest annual sales of ultra-processed foods in the world; on average, Canadians bought approximately 230 k per person of ultra-processed foods in 2013 (PAHO 2015) . Analyses of 2004 and 2015 national food consumption data reveal that almost half of Canadian daily calories come from ultra-processed foods (Moubarac 2017; Moubarac et al. 2016) .
Studies have consistently shown that as the intake of ultraprocessed food increases, overall quality of diets deteriorates and becomes more obesogenic (Moubarac et al. 2016; Louzada et al. 2017; . Diets based on these foods are energydense, high in free and added sugars, saturated and trans fats, and depleted in most micronutrients and other bioactive compounds, fibre, and protein (Moubarac et al. 2016; Louzada et al. 2017; Steele and Monteiro 2017) . Consumption of ultra-processed foods have also been associated with diet-related chronic diseases. Longitudinal studies in Spain show that ultraprocessed food consumption increases the risk of overweight, obesity, and hypertension (Mendonça et al. 2016a, b) . In France, a cohort study shows that consumption of ultraprocessed foods increases the risk of some types of cancer (Fiolet et al. 2018) . Cross-sectional studies have linked ultraprocessed food consumption with obesity (Louzada et al. 2015; Juul et al. 2018) , the metabolic syndrome (Lavigne-Robichaud et al. 2017; Tavares et al. 2012; Nasreddine et al. 2018) , and dyslipidemias (Rauber et al. 2015) .
Based on this research, the contribution of ultra-processed food to overall dietary intake has been proposed as an indicator of overall diet quality (PAHO 2015; Vandevijvere et al. 2013) . In 2016, the Standing Senate Committee on Social Affairs, Science, and Technology of Canada highlighted the need to update Canada's Food Guide to address food processing and suggested the use of NOVA (Ogilvie and Eggleton 2016) . Similar recommendations were made by the Heart and Stroke Foundation of Canada (Moubarac 2017) . Despite that, to date, there are no nationwide studies performed in Canada linking consumption of ultra-processed food with diet-related chronic diseases. The objective of this study is to examine the association between consumption of ultra-processed foods and obesity in the Canadian population.
Methods

Study context and design
We used data from the 2004-2005 Canadian Community Health Survey (CCHS, cycle 2.2, nutrition focus) conducted by Statistics Canada (Health Canada 2006) . With an overall response rate of 77%, the survey studied approximately 35,000 individuals (Health Canada 2006). The sampling strategy was a multistage stratified cluster used to ensure representativeness of the Canadian population (Health Canada 2006) . Dwellings were the sampling unit, and subsequently, one person from each dwelling was randomly selected to participate in the complete survey (Health Canada 2006) .
The questionnaire used in the interviews contained two components: (1) general health and (2) 24-h food recalls that provided data on all food and beverages consumed in the previous 24 h of the interview day (Health Canada 2006) . Interviews were computerassisted, and the 24-h food recall data collection was performed using the Automated Multiple-Pass Method, a system used to maximize respondents' recall of foods eaten (Health Canada 2006) .
Trained interviewers collected height and weight values of respondents by using a high-quality calibrated digital balance (ProFit UC-321 made by Lifesource) and a measuring tape attached to the wall (Gorber et al. 2008) . A subsample (10%) of respondents aged 18 years or more was asked to self-report their weight and height before being measured (Health Canada 2006) . Due to several reasons (refusal, problems with equipment), around 37% of the survey's respondents were not measured, but most of them (85%) agreed to self-report their weight and height (Health Canada 2006) .
Study population
For this study, we retained all participants aged 18 years or above (n = 21,160). We excluded pregnant and breastfeeding women (n = 257), respondents with an invalid 24-h food recall, and those who reported not having consumed any calories on the previous day of the survey (n = 44).
We also excluded respondents with neither measured nor self-reported values of weight and height (n = 927). Compared to individuals with this information, individuals with no values were more likely to be women (60.8% vs 49.4%), less likely to be between 18 and 34 years (19.2% vs 28.7%), more likely to be classified in the upper-income category (32.8% vs 23.5%) and to not state their income (18.1% vs 9.1%).
In order to control for misreporting in the 24-h food recall, we used equations by the Institute of Medicine to estimate energy requirement of each individual. These equations are based on sex, age, and level of physical activity and are not available for underweight individuals. Thus, individuals with very low body weight (BMI < 18.5 kg/m 2 ) (after adjustment of reported values) were excluded (n = 375), as were those with missing information on physical activity (n = 5).
Further, individuals with missing values for any other covariate used in our analyses were removed (n = 132), with the exception of the income variable. A total of 2043 adults did not state their income. In order to avoid excluding these individuals, we created a category Bnot stated^for this variable. We observed no significant difference in mean ultra-processed food consumption and mean BMI between individuals with complete vs incomplete data. A total of 19,363 participants were retained for our analyses. 2 ) (Health Canada 2006). In the absence of measured height and weight, we used adjusted self-reported values. Selfreported values are subject to potential bias since there is a tendency to underestimate weight and overestimate height (Gorber et al. 2008) . In a subsample of individuals with both measured and self-reported values (n = 1035), we performed linear regressions to generate correction equations (Gorber et al. 2008 ). We fitted separate models for BMI, weight, and height, and analyses were done for men and women separately. Supplementary Table 1 shows the final equations.
Obesity indicator
Ultra-processed food consumption
We used information from one 24-h food recall in order to estimate daily relative energy intake of ultra-processed foods (% of total energy intake as a continuous variable). Food items were classified into the four NOVA groups: unprocessed and minimally processed foods; processed culinary ingredients; processed foods; and ultra-processed foods. More details of this procedure have been published elsewhere (Moubarac et al. 2016) . For detailed information about each NOVA food group, see Supplementary Table 2 .
To handle potential systematic misreporting to which selfreported food intake is often subjected, we followed procedures described elsewhere (Garriguet 2008; Jessri et al. 2016) . Briefly, we compared the reported energy intake (EI) with the estimated energy requirement (EER) of respondents to identify plausible and implausible reporters (under-or overreporters). We calculated an EI:EER ratio for each subject and used cutoff points proposed by Jessri and colleagues to identify implausible reporters (Jessri et al. 2016) . Individuals whose EI:EER ratio was below 0.70 were classified as under-reporters, and individuals whose ratio was above 1.42 were classified as over-reporters (Jessri et al. 2016 ).
Other variables
Four socio-demographic characteristics were included in our analyses: sex (men:women); age (grouped as 18-34; 35-44; 45-64; 65+ for the descriptive analyses); education (highest level of formal education completed by the respondent, dichotomized as less than post-secondary graduation; postsecondary graduation); and income adequacy (based on total household income and the number of persons per household and divided into lowest; lower-middle; upper-middle; highest; not stated, see Supplementary Table 3 for more information) (Statistics Canada 2008) .
Two lifestyle variables were considered: physical activity index (PAI, grouped as inactive if 1.5 kcal/kg/day or active if ≥ 1.5 kcal/kg/day) and smoking status (non-smoker or smoker). Cultural background was expressed by immigrant status (non-immigrant or immigrant). Residential zone (rural or urban) was determined by Statistics Canada according to the number of dwellings in the region of residence (Health Canada 2006) .
Statistical analyses
For the descriptive analysis, we first calculated the relative consumption (% of total daily energy intake) of each NOVA food group and subgroup and the mean relative intake of ultraprocessed foods (% of total energy from ultra-processed foods). Second, we estimated the mean relative consumption of ultra-processed foods by the respondents' characteristics and performed bivariate and multivariate linear regressions to assess differences in consumption across groups. In this analysis, relative consumption of ultra-processed foods (% of total energy intake, continuous) was the outcome. A hierarchical procedure was used to allow specifying a fixed sequential order of entry of the explanatory variables in the multivariate model. The blocks were as follows:
(1) socio-demographic (sex, age, education, income level); (2) lifestyle (physical activity, smoking status); (3) culture (immigrant status); (4) environment (zone of residence); and (5) reporting group (plausible reporter, under-reporter, overreporter) + measurement type (height and weight measured; height and weight self-reported; one value measured, and the other self-reported). The p value and standardized linear regression coefficients are presented. We assessed normality of variables graphically using histograms.
Finally, we calculated mean BMI across quintiles of ultraprocessed food consumption and performed a multivariate logistic regression to separate the specific association between ultra-processed food consumption and obesity from the effects of other predictor variables. Here, obesity status (non-obese, BMI < 30 kg/m 2 /obese, BMI ≥ 30 kg/m 2 ) is the outcome variable, and relative intake of ultra-processed foods (continuous) is the independent variable. Results are reported in a tenpercentage point increase (instead of a one-percentage point increase) by dividing the variable relative consumption of ultra-processed foods by ten. Likewise, we predicted the odds ratio of obesity at the mean ultra-processed food consumption observed at each quintile of ultra-processed foods. We used the following expression: OR 1,i = e
Þ , where i = 2, 3, 4, 5; and x 1 and x i are the mean ultra-processed food consumption in the respective quintiles of ultra-processed food consumption.
We performed exploratory analyses with overweight status as the outcome variable (non-overweight, BMI < 25 kg/m 2 / overweight, BMI ≥ 25 kg/m 2 ). The entry of covariates in the logistic regression models followed the same hierarchical procedure as described earlier.
Because total energy intake (kcal/day, continuous) and consumption of fruits and vegetables (total number of times per day respondents eat fruits and vegetables, continuous) may be plausible mediators of the association between ultra-processed food consumption and obesity but may also be a confounder, we performed sensitivity analysis controlling for these two variables. They were both added last to the model as a block called Bdietary characteristics.M ultiplicative interactions between the exposure variable and all covariates were tested by adding multiplicative terms in the logistic regression model.
All analyses were weighted (WTSD_M) and bootstrapped (BRR method) and performed using SAS version 9.4. Alpha is set at the 0.05 level.
Results
The mean age of the participants was 45.99 years (SE, 0.13), and the mean BMI was 26.98 kg/m 2 (SE, 0.04). The average daily consumption of fruits and vegetables was 4.21 times a day (SE, 0.01). Canadians aged 18 years or over consumed on average 2047.36 kcal/day (SE, 6.92), 45.10% of which came from ultra-processed foods (939.65 kcal/day), 41.58% from unprocessed or minimally processed foods (832.48 kcal/day), 7.09% from processed foods (148.11 kcal/day), and 6.23% from culinary ingredients (131.51 kcal/day). The distribution of total daily energy intake according to NOVA groups and subgroups is presented in Table 1 .
The distribution of specific respondent characteristics, the mean daily share of ultra-processed foods (% of total daily energy), and the results of bivariate analyses are presented in Table 2 . Results from the multivariate linear regression models are shown in Table 3 . In the final model, the variables significantly associated with ultra-processed food consumption were sex, age, education, physical activity, smoking status, immigrant status, and reporting group (under-reporter category). The strongest predictor was immigrant status (standardized β = − 0.22) and age (standardized β = − 0.14).
The mean dietary share of ultra-processed food to total energy intake across quintiles of ultra-processed food consumption was 20.08% in the first quintile, 36.11% in the second, 46.67% in the third, 57.66% in the fourth, and 75.95% in the last quintile (p for trend < 0.001). Across quintiles of ultraprocessed food consumption, the mean BMI in the first quintile was 26. Results of the multivariate logistic models between ultraprocessed food consumption and obesity/overweight are presented in Table 4 . No significant multiplicative interaction was found between the exposure variable and covariates (data not shown).
In the final model-after adjusting for sex, age, education, income, physical activity, smoking status, immigrant status, zone of residence, reporting group, and measurement typea ten-percentage point increase in the relative energy intake from ultra-processed foods increased the likelihood of obesity by 5% (OR = 1.05, 95% CI = 1.01-1.08). Likewise, the odds of obesity at the mean ultra-processed food consumption observed in the highest quintile (average intake of ultraprocessed food, 76% of total energy intake) was 32% higher (OR = e 0.005 × 56 = 1.32; 95% CI = 1.05-1.57) than the odds at the mean of the lowest quintile (average intake, 20%). Figure 1 shows the predicted adjusted OR of being obese across quintiles of ultra-processed food consumption.
For overweight, a ten-percentage point increase in the relative energy intake from ultra-processed foods increased the likelihood of overweight by 3% (OR = 1.03, 95% CI = 1.01-1.07).
The strength of the association between ultra-processed food consumption and obesity/overweight did not significantly change whether or not total energy intake and fruit and vegetable consumption were presented in the model (Supplementary Table 4 ). 
Discussion
We found that ultra-processed foods are largely consumed in Canada. Consumption of these foods is higher among men, younger adults, smokers, and those who are physically inactive, Canadian born or who have fewer years of formal education. Our findings show that consumption of ultraprocessed foods is associated with obesity. In other high-income countries, adult men tend to consume more ultra-processed foods than adult women, and consumption of ultra-processed foods decreases with age (Louzada et al. 2015; Mendonça et al. 2016b ). In Canada, elderly adults, 
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− 0.16 < 0.001 − 0.15 < 0.001 − 0.14 < 0.001 − 0.14 < 0.001 − 0.14 < 0.001 Education and especially women, are the most likely to only eat food prepared at home, and the least likely to eat at fast food outlets (Garriguet 2007) . In addition, culinary skills were customarily passed to women who were often responsible for household meal preparation (Flagg et al. 2014) . It is known that home cooking is associated with better diet quality (Wolfson and Bleich 2015) and decreased ultra-processed food consumption in the United Kingdom (Lam and Adams 2017) . This might partially explain differences in consumption across sex and age groups. In our study, respondents with higher levels of formal education consumed less ultra-processed foods. Although education and nutrition knowledge do not always result in healthy eating habits, they are prerequisites for making better food choices in a food environment where a multitude of healthy and unhealthy food options are available (McEntee 2009). Unhealthy lifestyle habits like smoking and being physical inactive are associated with increased consumption of ultraprocessed foods. Individuals who adopt healthy lifestyle habits might be more concerned about their health and diet and might be less likely to consume ultra-processed foods.
Measurement type Both values measured
Immigrants consume significantly less ultra-processed foods than native-born Canadians. Although acculturation commonly occurs after long periods in the host country, certain immigrant groups in Canada tend to maintain some traditional dietary habits which are believed to be healthier than typical Western diets (Sanou et al. 2014) . Maintenance of traditional food cultures that emphasize traditional homecooked meals and eating together as a family may protect against ultra-processed food consumption.
Our findings support the existing literature suggesting an association between consuming ultra-processed foods and obesity (Mendonça et al. 2016b; Louzada et al. 2015; Juul et al. 2018) . We found that individuals whose diets are based on ultra-processed foods are 32% more likely of having obesity than individuals whose diets are not based on ultraprocessed foods. In Spain, a prospective study found that individuals in the highest quartile of ultra-processed food consumption had a risk 26% higher of developing overweight or obesity compared to individuals in the first quartile (Mendonça et al. 2016b ). In the US, a cross-sectional study showed that consuming ≥ 74.2% vs ≤ 36.5% of total energy from ultra-processed food was associated with 48%, 53%, and 62% higher odds of overweight, obesity, and abdominal obesity, respectively (Juul et al. 2018) .
Limitations
Because of the cross-sectional design, the results of our study could be affected by reverse causality, that is, the obesity status could influence the consumption of ultra-processed foods. In this case, the likely effect would be a dilution of the true association between ultra-processed foods and obesity since some obese people could be trying to have a healthier diet. Although the association between consumption of ultraprocessed foods and obesity was adjusted for several potential confounders, such as demographic and socio-economic variables and physical activity, as in any observational study, the results of our study are subject to residual confounding.
At the time of this study, the most recent data available in Canada with detailed information on food intake and weight and height measurements was the 2004 CCHS 2.2. Our results may not reflect current Canadian dietary habits. However, recent analyses show that ultra-processed food consumption remained relatively stable between the years 2004 and 2015 (Moubarac 2017) , and it is unlikely that the association between ultra-processed food consumption and obesity has changed during this period.
For 37% of the survey respondents, measured values of weight and height were not available. For these cases, we used self-reported values that were corrected to account for potential reporting bias. Still, nearly 3% of respondents in the 2004 CCHS 2.2 had neither measured nor self-reported values of height and weight, and they were excluded from analysis.
Self-reported food intake is often subject to misreporting. To address this, we adjusted our models for reporting group. Still, if obese people should be more prone to under-report ultra-processed food consumption, this could result in attenuation or even inverse associations between ultra-processed food consumption and obesity.
Ultra-processed food consumption was most probably underestimated. Mixed dishes, such as lasagna, were already broken down into ingredients in the dataset, and some ultraprocessed dishes not consumed in a fast food setting (such as a frozen lasagna consumed at home) might have been treated as culinary preparations instead of ultra-processed foods (Moubarac et al. 2016) .
Another limitation concerns day-to-day variation linked to 24-h dietary recalls. If the diet on the recall day does not represent the participant's usual diet, this could lead to spurious associations between ultra-processed food consumption and obesity.
Conclusion
Our study supports existing evidence on the association between ultra-processed food consumption and obesity. Clear identification of the risks associated with a high consumption of ultra-processed foods should become part of the public discourse, and Canadians must be encouraged to favour fresh, minimally processed foods. A whole-of-society approach with several strategies should be employed to make the healthy choice the easier choice for Canadians. These include a ban on the advertising of ultra-processed food and beverages to children, taxation of ultra-processed products, and implementation of effective tax levers to encourage consumption of healthy foods. Starting early with children and introducing food preparation skills into school curricula will go a long way toward the popularization of home and artisanal food preparation. Finally, future dietary guidelines for the Canadian population should take food processing into account.
